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© An apparatus for performing capillary elec- 
trophoresis comprises a liousing (37) to which a 
sealing and electrode arrangement (36) is fastened 
and a removable cassette (22) which accommodates 
a capillary (1) in which electrophoretic separation of 
a sample takes place when an electric field is ap- 
plied. When performing an electrophoretic separa- 
tion, the end of the capillary (1) and a tube-shaped 
electrode (39) surrounding the capillary (1 ) dip into a 
liquid vial containing electrolyte or sample liquid. 
Liquid is injected into the capillary (1) by applying 
pressure on the liquid in the vial. An elastomeric sea! 
(40) around the capillary (1) is provided to prevent 
escaping of the pressure during injection. The end of 
the capillary (1) depending from the cassette (20) is 
introduced through a funnel (41) and a central bore 
in the seal (40). When the cassette (20) is pressed 
downwards onto the funnel (41), the elastomeric seal 
(40) is squeezed so that the capillary (1) is sealed 
off. Since the seal (40) is arranged in the housing 
(37), no sealing is required in the cassette, resulting 
in a simpler construction of the cassette and facilitat- 
ing replacement of the capillary in the cassette. 
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The invention relates to an apparatus for per- 
forming capillary electrophoresis. 

BACKGROUND OF THE INVENTION 

Capillary electrophoresis is a separation meth- 
od employed in analytical chemistry which utilizes 
the differences in electrophoretic mobility of the 
sample substances to be separated. Capillary elec- 
trophoresis Is used, for example, for separating 
different biological molecules, such as proteins or 
peptides. The separation process is performed In a 
capillary tube which is open on both ends and to 
which an electric field is applied which causes 
electrophoretic separation of different sample sub- 
stances within the tube. The electric field is applied 
by means of electrodes which are arranged at the 
ends of the capillary, respectively, and which are 
connected to a high voltage power supply. The 
capillary is filled with an electrically conductive 
electrolyte so that an electric field can build up 
within the capillary. The two ends of the capillary 
are immersed in vials containing the electrolyte, 
respectively. 

When sample substances are to be Introduced 
into the capillary for subsequent separation, the vial 
containing the electrolyte is removed from one end 
of the capillary, a vial containing the sample is 
positioned at this place so that the end of the 
capillary is immersed in the sample liquid. There- 
after, the sample is injected into the capillary by a 
suitable method, for example by applying a pres- 
sure above atmospheric pressure at the end of the 
capillary where the vial is positioned or a vacuum 
at the other end of the capillary. When the sample 
substances have been injected into the capillary, 
the sample vial is removed and the electrolyte vial 
is again positioned at this place. Thereafter, high 
voltage is applied so that electrophoretic separation 
of the sample substances takes place. At the end 
of the capillary opposite to the end of sample 
injection, a detector is arranged for detecting the 
separated sample substances by a suitable detec- 
tion method, for example by a light absorption or a 
fluorescence technique. 

A frequently used method for introducing liq- 
uids, such as electrolyte, sample liquid and rinsing 
liquids into the capillary, is to apply a pressure 
difference between the two ends of the capillary. 
This pressure difference forces liquid into the capil- 
lary. When applying this method, the capillary has 
to be sealed against the vial in which the liquid to 
be introduced is contained to prevent escaping of 
the pressure to the outside. 

In the prior art. there are different solutions for 
designing the mentioned seal between capillary 
and vial. According to a first solution, liquid Is 
introduced into the capillary by applying a pressure 


below atmospheric pressure at the outlet end of the 
capillary where the detector is located. In this case, 
the electrolyte vial at the outlet end of the capillary 
is connected with the capillary by a screw fasten- 

5 ing. The screw fastening also performs the sealing 
function. This design has the disadvantage that it is 
not possible to exchange the electrolyte vial at the 
outlet end of the capillary during an analysis se- 
quence since the end of the capillary and the vial 

10 are rigidly connected. Furthermore, since the in- 
troduction of liquid is performed by application of 
under-pressure, there is only a maximum pressure 
difference of 1 bar available. In practice, the usable 
pressure difference would only be about half of this 

T5 value because the gas emissions from the liquids 
would otherwise be too strong. 

In a second design solution for the sealing of 
the capillary against a vial, the capillary is disposed 
in a cartridge body and the two ends of the capil- 

20 lary protrude vertically downward from the bottom 
of the cartridge, at two spaced apart locations at 
the bottom of the cartridge. These two ends are 
sealed about their periphery with respect to the 
cartridge where they exit the cartridge. For in- 

25 troducing liquid into the capillary, the correspond- 
ing vial is pressed against the bottom of the car- 
tridge, then an over-pressure is applied on the 
liquid in the vial, forcing the liquid into the capillary. 
A capillary electrophoresis apparatus using this de- 

30 sign is known from EP-A-0 339 780. 

With such a known design, a sealing of the 
periphery of the capillary to the cartridge is 
achieved by injecting a sealant, preferably a silicon 
rubber compound, into apertures near the bottom 

35 of the cartridge, A design of that type is not sat- 
isfactory in all respects. When the capillary in the 
cartridge is to be replaced, for example when the 
capillary is broken, a user has to remove the seal- 
ant, and then, after insertion of a new capillary, he 

40 has to renew the sealing by filling in sealant into 
the corresponding apertures in the cartridge. This 
is a time-consuming process and requires that the 
user has the sealing material (e.g., silicon rubber) 
at his disposal. On the other hand, If the user wants 

45 to avoid this time-consuming process and just 
takes a new cartridge with a sealed capillary inside, 
this becomes more expensive since he also has to 
bear the cost for the cartridge, whereby the cost is 
still increased by the sealing. 

50 

SUMMARY OF THE INVENTION 

It is thus an object of the present invention to 
provide an apparatus for performing capillary elec- 
55 trophoresis wherein the capillary is arranged in a 
removable cassette which ensures a simpler and 
faster replacement of the capillary. 
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It is a further object of the invention to provide 
an apparatus for performing capillary elec- 
trophoresis having a simple and reliable sealing of 
the capillary. 

According to the present invention, these ob- 
jects are solved by an apparatus as defined in 
claim 1. According to claim 1, the capillary elec- 
trophoresis apparatus of the invention comprises a 
cassette for receiving the capillary, with the inlet 
end and the outlet end of the capillary projecting 
from the cassette; it further comprises a housing 
into which the cassette can be inserted for per- 
forming electrophoresis, and a sealing arrangement 
associated with the housing, with the sealing ar- 
rangement forming a seal around an end of the 
capillary when the cassette is inserted in the hous- 
ing. 

It is an underlying principle of the invention that 
the seal for sealing the capillary against escaping 
of pressure is associated with the housing of the 
electrophoresis apparatus, in contrast to the prior 
art wherein the seal Is arranged in the capillary 
cassette. Consequently, the Invention permits fast 
and easy replacement of the capillary in the cas- 
sette; no seals have to be removed in order to 
remove the capillary from the cassette. The inven- 
tion thus also provides for a cost-saving cassette. 

In a preferred embodiment of the invention, the 
seal is made of an elastomeric material which is 
deformed when the cassette is Inserted into the 
electrophoresis apparatus. Thus, the elastomeric 
material is pressed against the outside of the capil- 
lary, providing for a hermetic seal. 

The sealing arrangement in an embodiment of 
the invention, the sealing arrangement may com- 
prise a funnel-shaped part which captures the end 
of the capillary when the cassette is introduced into 
the electrophoresis apparatus. This funnel-shaped 
part can be resiliently mounted to the rest of the 
sealing arrangement so that it is pressed against 
the elastomeric seal by the bottom of the cassette 
when the cassette is pushed into the elec- 
trophoresis apparatus. 

In a further embodiment of the invention, the 
electrode for applying high voltage is a conductive 
tube connected to the sealing arrangement through 
which the capillary is pushed when the cassette is 
inserted. In that way, both the sealing of the capil- 
lary and the application of high voltage are realized 
with a space saving and mechanically simple con- 
struction. Furthermore, the electrode tube fulfills 
the additional task of protecting the capillary. 

The cassette for accommodating th capillary 
may comprise a detector interface which is essen- 
tially a housing through which the outlet end of the 
capillary is guided and held in very precise geo- 
metrical relationship to the housing. The detector 
interface is mounted to the cassette such that It 


remains movable within a small range relative to 
the cassette. With this floating mounting of the 
cassette interface, engagement with the corre- 
sponding counterpart in the detector is facilitated 

5 when the cassette is pushed into the apparatus. 

According to an embodiment of the invention, 
the electrophoresis apparatus comprises a swivel- 
ling cassette adapter into which the cassette is 
Inserted. When inserting the cassette, the operator 

10 tilts the adapter away from its normal upright posi- 
tion; when the cassette is completely inserted, the 
adapter returns to the upright position. The advan- 
tage of the swivelling arrangement is that it is 
avoided that the projecting detector interface is 

15 blocked by the mating part of the detector in the 
, electrophoresis apparatus during insertion of the 
cassette. 


20 


BRIEF DESCRIPTION OF THE DRAWINGS 


Subsequently, an embodiment of the invention 
Is explained in detail with reference to the draw- 
ings. 

Figure 1 is a schematic diagram illustrating 
25 the basic components of a capillary 

electrophoresis apparatus. 
Figure 2 shows a capillary cassette which 
can be Inserted into a capillary 
electrophoresis apparatus in accor- 
30 dance with the invention. 

Figure 3 depicts a part of a capillary elec- 
trophoresis apparatus of the inven- 
tion in which the capillary cassette 
shown in Figure 2 is inserted. 
35 Figure 4 shows a cross section through a 
part of the apparatus shown in Fig- 
ure 3 comprising the sealing and 
electrode arrangement according to 
the invention. 

40 Figure 5 is a detailed cross sectional view of 
the sealing and electrode arrange- 
ment according to Figure 4. 
Figure 6 shows a cross section through a 
part of the electrophoresis appara- 

45 tus comprising a lifting mechanism 

for lifting a vial to the sealing and 
electrode arrangement according to 
Figures 4 and 5. 

50 DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 schematically depicts the components 
of a capillary electrophoresis apparatus. The sepa- 
ration capillary 1 is Immersed with its inlet end in a 
55 first vial 2 containing electrolyte and with its outlet 
end in a second vial 3 which also contains elec- 
trolyte. An electric field is applied along the capil- 
lary 1 by a high-voltage power supply 4 via an 
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electrode 5 at the inlet end of the capillary 1. An 
electrode 6 at the outlet end of the capillary 1 is 
connected to ground potential. A sample vial 7 
contains the sample substances to be separated 
electrophoretically. For Introducing the sample sub- 
stances into the capillary 1, the vial 2 Is replaced 
by the sample vial 7 and a plug of sample liquid Is 
injected into the capillary 1 by suitable Injection 
means (not shown). The sample substances sepa- 
rated In the capillary 1 are detected by a detector 8 
which is arranged at the outlet end of the capillary 
1. The detector 8 can be, for example, a UV 
absorbance detector. The detector 8 is connected 
to a processing circuit (not shown) which produces 
signals indicative of the substances passing the 
detector. The capillary 1 is typically made of fused 
silica. 

Liquid is introduced into the capillary 1 by 
applying a pressure difference between the vial 3 
at the outlet end of the apparatus and the vial 2 (or 
7) at the inlet end of the capillary 1 . In a preferred 
embodiment of the invention, a pressure above 
atmospheric pressure is applied on the liquid in the 
vial 2 (or 7) at the inlet end and the vial 3 at the 
outlet end is kept at atmospheric pressure. In order 
to ensure that the applied pressure cannot escape, 
a sealing arrangement 9 around the capillary 1 is 
required. The geometrical arrangement of the seal 
9 within the electrophoresis apparatus and in rela- 
tionship to the electrode 5 as well as the design of 
the seal are important aspects of the present inven- 
tion. The corresponding details will be described 
below. 

Figure 2 depicts a capillary cassette 20 which 
can be Inserted into a capillary electrophoresis 
apparatus in accordance with the invention. The 
cassette is shown in a perspective view with the 
cassette cover 21 folded upwards from the cas- 
sette base 22. When the cassette 20 is inserted 
Into the electrophoresis apparatus, the cover 21 Is 
folded downwards such that it lies upon the base 
22. Figure 3 shows the cassette 20 when inserted 
in the electrophoresis apparatus. Referring again to 
Figure 2, the capillary 1 is wound as a coil around 
several rods 23a, 23b, etc., each of which com- 
prises grooves for guiding the capillary 1. Due to 
the coiled arrangement of the capillary 1 In the 
cassette, a long piece of capillary tubing can be 
accommodated in a comparatively small volume. 
The ends 24 and 25 of the capillary 1 protrude 
from the cassette 20 as shown in Figure 2. Near 
the end 25, the capillary 1 is fixed to the cassette 
20 by clamping means 27. If necessary, such 
clamping means may also be provided at the end 
24 of the capillary 1. When the cassette 20 is 
inserted in the electrophoresis apparatus, the ends 
24 and 25 of the capillary may dip into vials, such 
as vials 2 and 3 shown in Figur 1, containing 


electrolyte or sample liquid. The capillary 1 can 
easily be removed from the cassette 20 by opening 
the clamping means 27 and unwinding it from the 
rods 23a. 23b. etc. 

5 A detector Interface 28 is provided in the cas- 

sette 20 near the outlet end of the capillary 1 . The 
outer shape of the detector interface is cylindrical. 
The capillary 1 is guided within the detector inter- 
face 28 and held in very precise geometrical rela- 

10 tionship relative to the cylindrical housing of the 
detector interface. The detector interface 28 fits 
into a corresponding cylindrical recess of the de- 
tector 35 which forms part of the electrophoresis 
apparatus shown in Figure 3. The detector Interface 

75 is not rigidly fixed to the cassette base 22, but is 
arranged in a recess of the cassette base 22 which 
Is larger than the diameter of the cylindrical hous- 
ing of the interface 28. Consequently, the detector 
interface 28 can be shifted by a certain amount 

20 relative to the cassette base 22. Due to this floating 
mounting of the detector interface, a problem-free 
engagement of the Interface with the detector is 
ensured. Since the capillary 1 is precisely adjusted 
relative to the housing of the interface and the 

25 housing precisely fits into the detector, a very good 
alignment of the optical system of the detector with 
the capillary is achieved. The cassette cover 21 
comprises an opening 19 so that the detector inter- 
face 28 projects through this opening when the 

30 cassette cover 21 lies upon the cassette base 22. 
In that way, the detector interface 28 can commu- 
nicate with the detector 35 of the electrophoresis 
apparatus when the cassette is inserted as shown 
In Figure 3. The diameter of the opening 19 is 

35 larger than the outer diameter of the detector inter- 
face 28 so that it can move to all sides by a certain 
distance. 

Since a considerable amount of heat can be 
generated during the performance of an elec- 

40 trophoretic separation, means for cooling the capil- 
lary are provided. The cooling is done by circula- 
tion of cooling air Inside the cassette 20, For this 
purpose, the cassette 20 comprises an air inlet 
opening 29 and an air outlet opening 30 through 

45 which cooling air can enter and leave the cassette, 
respectively. 

A locking mechanism 31 is arranged at the 
cassette cover 21 and a corresponding counterpart 
(not shown) is arranged at the cassette base 22 for 

50 firmly connecting the cover 21 with the base 22 
before the cassette is Inserted into the elec- 
trophoresis apparatus. The cassette 20 is made of 
an electrically Insulating material, for example a 
polyurethane plastic material. 

55 Figure 3 depicts a part of a capillary elec- 

trophoresis apparatus of the invention in which the 
cassette 20 is inserted. The cassette 20 as shown 
in Figure 3 is not yet completely inserted into the 
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electrophoresis apparatus, i.e.. it has not yet 
reached its final position at which an elec- 
trophoretic separation is performed. For reaching 
its final position, the cassette 20 has to be pushed 
somewhat further down in the direction of the arrow 
33. The cassette in Figure 3 is depicted in a 
position withdrawn by a distance from the final 
position at which electrophoresis is performed in 
order to show the various components of the cas- 
sette and the electrophoresis apparatus more clear- 
ly. When the cassette 20 is pushed down in the 
direction of the arrow 33, the detector interface 28 
will engage with the mating part of the detector 35. 

The cassette cover 21 and the cassette base 
20 are joined together such that the cassette fits 
into a corresponding guidance of the cassette 
adapter 32 of the electrophoresis apparatus. The 
cassette adapter 32 is swivelling in a direction 
indicated by the arrow 50. The bearing for the 
swivelling movement is in the upper part of the 
electrophoresis apparatus. The purpose of the 
swivelling bearing of the cassette adapter is to 
facilitate insertion of the cassette 20 into the elec- 
trophoresis apparatus, in particular facilitating the 
registration of the detector interface 28 with the 
corresponding recess in the detector 35. For insert- 
ing the cassette 20, the operator tilts the adapter 
32, pushes the cassette 20 into the guidance of the 
adapter, then releases the adapter so that it swings 
back under the action of a spring into its normal 
position in which electrophoresis is performed. In 
this normal position, the ends 24, 25 of the capil- 
lary depend vertically downwards. If the cassette 
adapter 32 were not swivelling, it might be difficult 
or even impossible to insert the cassette, since the 
detector interface 28 projects somewhat from the 
cassette 20 and could be stopped by the mating 
part of the detector 35 during insertion of the 
cassette. 

At the upper portion of the cassette 20, the air 
inlet 29 and the air outlet 30 are provided. The 
electrophoresis apparatus shown in Figure 3 com- 
prises a high voltage insulation plate 37 to which a 
capillary seal and electrode arrangement 36 is fas- 
tened. The capillary seal and electrode arrange- 
ment 36 is designed for receiving the inlet end 25 
(see Figure 2) of the capillary 1. The arrangement 
36 has the function to seal the capillary 1 about its 
periphery when it is introduced after pushing down 
the cassette 20 in the direction of arrow 33. The 
sealing function corresponds to that of the seal 9 
shown in Figure 1. Furthermore, the arrangement 
36 provides an electrode (see reference numeral 5 
in Figure 1) for performing electrophoresis. It is 
important to note that the seal 36 in the present 
invention is connected to the electrophoresis ap- 
paratus and not to the cassette as in the prior art. 
Thus, when the cassett 20 is remov d from the 


electrophoresis apparatus, the seal 36 remains with 
the electrophoresis apparatus. Furthermor , it is 
important to note that the arrangement 36 performs 
a double function in that it does not only provide 

5 for sealing of the capillary but that it also provides 
for the electrode function. 

A further sealing and electrode arrangement 
with the same construction as that of the arrange- 
ment 36 is also provided in the electrophoresis 

10 apparatus for receiving the outlet end 24 of the 
capillary 1 . The provision of a seal at the outlet end 
has the purpose to enable injection of liquids into 
the capillary by application of sub-atmospheric 
pressure at the outlet end. If, however, this pos- 

75 sibiilty is not required, the seal at the inlet end 
would not be necessary. The electrode is of course 
required in any case. 

In the following, the sealing and electrode ar- 
rangement will be described in more detail with 

20 reference to Figures 4 and 5. Figure 4 shows a 
cross section through a part of the apparatus 
shown in Figure 3 comprising the sealing and elec- 
trode arrangement 36. 

The sealing and electrode arrangement 36 is fixed 

25 to the high voltage insulation plate 37. For fixing 
the arrangement 36, it may comprise, for example, 
a thread at its outer surface by which it is screwed 
into the insulation plate 37. The arrangement 36 
comprises a tube 39 of electrically conductive ma- 

30 terial which serves as an electrode. The Inner di- 
ameter of the electrode tube 39 is selected such 
that the capillary 1 can be pushed through it. 

Figure 4 corresponds to the situation that the 
cassette 20 is inserted in the electrophoresis ap- 

35 paratus. The capillary 1 projects from the bottom 
38 of the cassette 20 and extends along the center 
axis of the arrangement 36 and through the elec- 
trode tube 39. The sealing function is accom- 
plished by means of a silicone rubber seal 40. The 

40 electrode and sealing arrangement 36 also com- 
prises a funnel 41 which has the purpose to cap- 
ture the capillary 1 when the cassette 20 with the 
projecting end 25 of the capillary 1 is moved 
downwards (along arrow 33 in Figure 3) during 

45 insertion of the cassette into the electrophoresis 
apparatus. 

Figure 5 depicts the sealing and electrode ar- 
rangement 36 in more detail. The housing 42 ac- 
commodates the seal 40 and the funnel-shaped 

50 part 41 and holds the electrode tube 39. The 
housing is made of an electrically conductive ma- 
terial. The outer surface of the housing comprises a 
threaded portion 43 which can be screwed into the 
insulation plate 37 of the electrophoresis apparatus. 

55 The electrode tub 39 is pressed into the housing 
42. A typical material for the electrode tube is 
platinum. The funnel-shaped part 41 is held in 
place in the housing by means of an 0-ring 44. In 
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an embodiment of the invention, the part 41 is 
made of a plastic material. A second O-ring 45 Is 
arranged at the lower part of the housing. The 
function of the O-ring 45 will be explained below in 
connection with Figure 6. 

When inserting the cassette 20 into the elec- 
trophoresis apparatus, the end 25 of the capillary 1 
is caught by the funnel 41 and guided through the 
seal 40 and the electrode tube 39. The elec- 
trophoresis apparatus of the Invention comprises a 
door (not shown) which has to be closed before the 
operation of the apparatus can start. Associated 
with this door is a resilient element which exerts a 
force on the cassette 20 In the direction indicated 
by the arrow 33 (Figure 3) when the door Is closed. 
This force urges the bottom 38 of the cassette 20 
against the upper edge of the funnel-shaped part 
41. The part 41 thus deforms the elastomeric seal 
40 so that it contacts the capillary 1 and the 
housing 42 and forms a tight seal. When the door 
of the electrophoresis apparatus is opened again, 
the elastomeric seal 40 can relax and thus releases 
the capillary which had been squeezed in by the 
seal 40. In an embodiment of the invention, the 
force by which the cassette 20 is pressed against 
the funnel 41 is about 50 N. The sealing of the 
capillary is thus performed automatically when the 
door of the electrophoresis apparatus is closed; the 
operator does therefore not have to take care of the 
sealing of the capillary. 

When the cassette 20 has been pushed into Its 
final position in the electrophoresis apparatus, the 
end of the capillary 1 projects beyond the lower 
end of the tube electrode 39. In an embodiment of 
the invention, the capillary projects from the lower 
end of the electrode by about 5 mm. During an 
electrophoretic separation, a high voltage is applied 
via the electrode 39 which dips into an electrolyte 
vial. The high voltage is supplied to the electrode 
39 by means of a conductive annular eyelet which 
is jammed between the housing 42 and the insula- 
tion plate 37 of the electrophoresis apparatus. 

In the following, it will be described in more 
detail with reference to Figure 6 how a vial contain- 
ing sample or electrolyte is positioned at the seal- 
ing and electrode arrangement described above. 
Furthermore, it will be described, how pressure is 
introduced into a vial for forcing liquid into the 
capillary. Rgure 6 shows a cross section through a 
part of the electrophoresis apparatus of the inven- 
tion comprising a lifting device 51 for lifting or 
lowering a vial 2, and further comprising the seal- 
ing and electrode arrangement with the housing 42, 
the elastomeric seal 40. the funnel 41, and the 
tubular electrode 39. As shown in Figure 4, the 
housing 42 is fixed by means of a thread 43 to an 
insulation plate 37. In Rgure 6. however, the insula- 
tion plate 37 was omitted so that the r maining 


parts of the apparatus can be seen more clearly. 

The lifting device 51 shown in Figure 6 is 
mounted to a platform 59 which is a part of the 
electrophoresis apparatus. The lifting device 51 is 

5 movable in a vertical direction such as to move the 
vial 2 towards the sealing and electrode arrange- 
ment. The lifting device 51 comprises a head por- 
tion 55 wherein a funnel shaped member 58 is 
inserted which can accommodate the correspond- 

10 ing cone shaped lower part of the housing 42 when 
the head portion 55 is moved upwards. The head 
portion 55 has a recess into which the top of the 
vial 2 fits. The bottom of the vial 2 is held by a 
finger 52 which is also movable in a vertical direc- 

76 tion. The finger 52 is used for lifting the vial 2 out 
of a vial tray (not shown) and pressing it into the 
mentioned recess of the head portion 55. After the 
top of the vial 2 has been pressed into this recess, 
the entire lifting device including the finger 52 and 

20 the head portion 55 are moved upwards until the 
funnel shaped member 58 is in contact with the 
cone of the housing 42 as shown in Figure 6. The 
vial 2 is closed with a septum 56 which has been 
pierced by a punching needle 61 which protrudes 

25 downwards from the member 58. The member 58 
also comprises an annular cutting edge 62 sur- 
rounding the punching needle 61 . The cutting edge 
62 cuts into the septum 56 when the vial 2 is 
pressed against the head portion 55 and thus pro- 

30 vides for a sealing of the member 58 against the 
vial 2. When the vial 2 is to be positioned back in 
the vial tray, the lifting device 51 and the finger 52 
have to be lowered. In order to ensure that the vial 
is removed again from the punching needle when it 

35 is lowered, a rocking lever 54 and an actuation belt 
53 are provided. When the finger 52 has been 
moved sufficiently far downwards, the actuation 
belt 53 is tightened, causing a tilting of the rocking 
lever whereby the vial 2 is stripped off the punch- 

40 ing needle 61. Further details of the lifting device 
and the vial tray are contained in a European 
patent application entitled "Apparatus for Handling 
Liquid Vials in an Analytical Device", filed by ap- 
plicant of the present European patent application 

45 on the same date as the present application (ap- 
plicant's internal docket number: 20-92-007). 

Referring again to Figure 6, it will now be 
described how pressure is applied to the liquid in 
the vial 2 for forcing liquid into the capillary 1 . The 

50 pressure is applied through a pressure inlet chan- 
nel 57 which is arranged in the head portion 55 and 
through a channel 60 in the member 58 commu- 
nicating with the channel 57. A suitable source of 
overpressure (not shown) is connected to the chan- 

55 nel 57. The pressure is transmitted through the 
channels 57 and 60 and the interior of the punch- 
ing needle 61 into the vial 2, forcing liquid from the 
vial into the capillary 1 , In order to prevent escap- 
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ing of the pressure, various seals are provided: 
First, the bottom of the member 58 has the men- 
tioned cutting edge 62 which cuts into the septum 
56 and seals there. Second, an 0-ring 45 at the 
sealing and electrode arrangement (see also Figure 
5) is provided to prevent escaping of pressure 
through the funnel of the member 58. Finally, the 
seal 40 provides a seal around the capillary 1 . 

According to a practical embodiment of the 
invention, the electrode 39 has an inner diameter of 
0,5 mm, an outer diameter of 1 mm and a length of 
44 mm. The capillary 1 has an outer diameter of 

0. 4 mm. The punching needle 61 has an inner 
diameter of 1,4 mm and an outer diameter of 2 
mm. The silicone rubber seal 40 has an outer 
diameter of 4 mm and a length of 6 mm. The 
central bore in the sea! 40 has a diameter of 0.5 
mm. The funnel 41 has a diameter of 8 mm at its 
upper end and is made of a plastic material which 
is chemically resistant and has low friction with the 
capillary 1 . The compression travel of the funnel 41 
when a force Is applied on it deforming the seal 40 
is about 0,2 to 0,3 mm. 

In the above described embodiment of the 
invention, the electrode 39 surrounds the capillary 

1 . This arrangement has several advantages, some 
of which are mentioned above. Another advantage 
of this arrangement is that the electrode tube 39 
protects the capillary against any damages. It is 
understood, however, that alternative designs for 
the electrode would be possible. For example, the 
electrode could be a conductive rod which extends 
in parallel to the capillary into a vial containing 
electrolyte and/or sample, similar to the arrange- 
ment schematically depicted in Figure 1 . 

According to the embodiment shown in Figures 
2 to 6, the high voltage is supplied to the electrode 
39 by means of a conductor which is fastened to 
the housing 42 accommodating the elastomeric 
seal 40. In an alternative embodiment of the inven- 
tion, the connection to high voltage could be pro- 
vided in the lifting device 51 for lifting the vial 2. 

According to a further alternative embodiment 
of the invention, the seal around the end of the 
capillary 40 could be designed as two elastomeric 
jaws which are pressed together for providing a 
seal around the periphery of the capillary. Other 
embodiments of the seal would also be possible 
within the concept of the present invention; it is 
only essential that the seal around the periphery of 
the capillary is associated with the electrophoresis 
apparatus. It is also understood that the fastening 
of the sealing and electrode arrangement to the 
electrophoresis apparatus could be different from 
the embodiment shown in Figure 4. 

In the embodiment described above In connec- 
tion with Figures 2 to 5, the sealing arrangement is 
rigidly connected to the electrophoresis apparatus. 


whereas the cassette 20 is still movable by a small 
distance after it has been inserted into the elec- 
trophoresis apparatus. As explained above, the bot- 
tom of the cassette exerts a force on the seal 40 

5 via the funnel 41 while the cassette travels this 
small distance to its end position in the elec- 
trophoresis apparatus. As an alternative to this de- 
sign, it is also possible to mount the sealing ar- 
rangement in a floating manner so that it is mov- 

10 able by a small distance in a direction along the 
longitudinal axis of the projecting capillary end and 
to keep the cassette in a fixed position. In this 
embodiment, the force for deforming the 
elastomeric seal would have to be provided from 

75 the opposite direction as in the embodiment of 
Figures 2 to 5, i.e., from below. This force could be 
provided, for example, by a mechanism connected 
to the door of the electrophoresis apparatus so that 
the seal is deformed when the door is closed, or it 

20 could be provided by a separate means, e.g. a 
lever to be activated by the operator. 

Claims 

25 1. An apparatus for performing capillary elec- 
trophoresis, comprising: 

a) a cassette (20) for receiving a capillary 
(1), the capillary having an inlet end (25) 
and an outlet end (24), with the inlet end 

30 and the outlet end projecting from the cas- 

sette, 

b) a housing (32,37) into which the cassette 
(20) can be inserted for performing elec- 
trophoresis, and 

35 c) a sealing arrangement (40,42) associated 

with the housing (32,37), with the sealing 
arrangement forming a seal around an end 
(25) of the capillary (1) when the cassette 
(20) is inserted in the housing. 

40 

2. An apparatus as in claim 1 , wherein the sealing 
arrangement comprises an elastomeric seal 

(40) , and wherein the sealing effect is achieved 
by a deformation of the seal (40) by applica- 

45 tion of a force on the seal (40). 

3. An apparatus as in claim 1 or 2. comprising a 
funnel-shaped part (41) associated with the 
sealing arrangement for capturing an end (25) 

50 of the capillary (1) when the cassette (20) is 

inserted into the housing (32,37) of the elec- 
trophoresis apparatus. 

4. An apparatus as in claim 3, wherein the funnel- 
55 shaped part (41) is resiliently mounted by elas- 
tic means (44) such that the funnel-shaped part 

(41) Is pressed against the seal (40) when a 
force is applied on it via th bottom (38) of the 
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cassette (20), thereby causing a deformation of 
tlie seal (40), resulting in the sealing off of the 
capillary (1). 

5. An apparatus as in any of the preceding 5 
claims, comprising a tube-shaped electrode 

(39) connected to the sealing arrangement 
(40,42), with the capillary (1) passing through 
the interior of the tube-shaped electrode (39) 
when the cassette (20) is inserted into the io 
housing of the electrophoresis apparatus. 

6. An apparatus as in any of the preceding 
claims, wherein the cassette (20) comprises a 
detector interface (28) which is movable rela- i5 
five to the housing of the cassette, with an 
outlet end of the capillary (1) being guided 
through the detector interface. 

7. An apparatus as in any of the preceding 20 
claims, comprising a swiveling cassette adapt- 
er (32) for insertion of the cassette (20) into the 
electrophoresis apparatus. 

8. An apparatus as in any of the preceding 25 
claims, comprising a lifting device (51) for lift- 
ing a vial (2) containing electrolyte or sample 
liquid such that an electrode (39) for perform- 
ing electrophoresis and the capillary (1) are 
immersed in the liquid in the vial (2), with the 30 
lifting device (51) comprising a head portion 

(55) which is sealed against the housing (42) 
accommodating the elastomeric seal (40) by 
sealing means (45,58) when the head portion 

(55) is pressed against the housing (42). 35 

9. An apparatus as in claim 8, wherein the head 
portion (55) of the lifting device (51) comprises 
a cutting edge (62) which cuts into a septum 

(56) of the vial (2) in a sealing manner when 40 
the vial (2) is pressed against the head portion 
(55). 

10. An apparatus as in claim 8 or 9, wherein the 
head portion (55) of the lifting device (51) 45 
comprises a punching needle (61) for punching 

a hole into the septum (56) of the vial (2), the 
interior of the punching needle providing a 
passage for the electrode (39) and the capillary 

(1). 50 

11. An apparatus as in any of the claims 8 to 10, 
wherein the head portion (55) comprises a 
channel (57,69) through which pressure can be 
supplied to the vial (2). 55 
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